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Abstract 

I review a recent attempt to reproduce the isospin 1 = and 2 amplitudes for the decay 
of a kaon into two pions by estimating the relevant hadronic matrix elements in the chiral 
quark model. The results are parametrized in terms of the quark and gluon condensates and 
of the constituent quark mass M. The latter is a parameter characteristic of the model. For 
values of these parameters within the current determinations, the AI = 1/2 selection rule is 
well reproduced by means of the cumulative effects of short-distance NLO Wilson coefficients, 
penguin diagrams, non-factorizable soft-gluon corrections and meson-loop renormalization. 
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1 Introduction 



For the decay of a neutral kaon into two pions, the CP- conserving amplitude with a final 
1 = isospin state (AI = 1/2) is measured to be§) 

Re A (K° -> 2tt) = 3.33 x lCr 7 GeV, (1.1) 

and it is approximately 22 times larger than that with the pions in the 1 = 2 state (AI = 3/2): 

Re A 2 (K° -> 2tt) = 1.50 x 10~ 8 GeV . (1.2) 

Since a naive estimate of the relevant hadronic matrix elements within the standard model leads 
to amplitudes that are comparable in size, this selection rule has been a standing puzzle,& the 
solution of which has attracted a great deal of theoretical work over the past 40 years (for a 
review see, for instance, ref.EP). 

While there is substantial agreement that QCD accounts for the bulk of the rule, a quantita- 
tive (and detailed) understanding requires showing how the different features enter. Therefore 
I will consider each of them one at the time. Yet, it is important to bear in mind that they 
are not independent effects; on the contrary, they are all rooted in QCD and they come about 
as the scale is lowered from mw to, say, 1 GeV and the single operator Q 2 develops into ten 
operators and gluon and meson corrections are included. 

This talk is based on ref.S Among the previous attempts in explaining the rule, I would 
like to recall that in ref.S that is the closest to ours. 

Let us then start from the effective lagrangian for AS = 1 weak transitions at the scale \x: 

G 

£as=i = -^V ud V* s Y\zi(n) + ryi(n)\Qi(n) (1.3) 

which is defined by the ten operators 

Qi = (s Q M/3) v _ A (uf3d a ) y _ A Q 2 = (su) Y _ A (ud) y _ A 

Qs,5 = (srf) v _ A Eg(gg) VT A ^4,6 = {s a df3)v_ A Y, q {qpq a )vT^ ( 1A ) 

Qi$ = I (sd) y _ A J2 q &q {qq)y±A Qs,w = \{~s a dp)y_ A Y<qeq{qpqa)v±A- 



2 The Starting Point 



The starting point is computed in the absence of QCD corrections. In this case we have 
only one operator, Q 2 , and: 

A) = (Q 2 )o = \x A 2 = (Q 2 ) 2 = ^-X (2.1) 

where X = v^3/tt ( m lr — m V)- Fig- 1 illustrates how far the amplitudes thus obtained are from 
the experimental values. 



3 NLO QCD Wilson Coefficients 

The first effect of having QCD in the game is the renormalization group evolution of the 
Wilson coefficients.^ To give an idea of it, I collected in Table 1 the relevant next-to- leading- 
order (NLO) coefficients. Fig. 2 makes clear that, while the effect goes in the right direction, 
it is by far too small to account for the rule. 
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Figure 1: The starting point (1). 
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Figure 2: The effect of NLO QCD renormalization: point (2). 

4 Chiral Quark Model 

In order to proceed we must estimate the hadronic matrix elements. Neither the lattice nor 
the 1/N C approach can reproduce the rule. Notice that the leading 1/N C corrections make 
bigger and do not help. 

I will use the chiral quark model& (%QM) that is as simple a model as it is possible without 
having to renounce those features that we deem crucial in the understanding of the rule. It is 
defined by the following lagrangian 

C xQM = -M (q R Y,q L + q L tfq R ) (4.1) 

that dictates the interaction between Goldstone bosons and quarks and therefore allows us to 
estimate the relevant hadronic matrix elements. 
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Table 1: The NLO Wilson coefficients for the ten effective operators (as computed in the HV 
scheme). The initial values at mw are between brackets. 



5 Penguin Operators 



A further important step in understanding the enhancement of the A amplitude comes 
from the QCD-induced penguin operators^ that only affect the 1 = amplitudes. In the xQM 
I find: 



(Qs)o=j r X (Q,) = X (Q 6 ) = ±M X ' (Q 6 ) = 2 ||x'. 



(5.1) 



where X' = X (l - 6 M 2 /A^)- Fig- 3 shows their effect. 

6 Non-Factorizable Gluon Corrections 

Another, and, as we shall see essential, effect of QCD in the chiral quark model, arises from 
the soft-gluon corrections to the matrix elements.il* These are parametrized by 
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(GG) 



N c (a s GG/n) 



(6.1) 



2 16tt 2 / 4 

where I take for the non-perturbative gluon condensate 

(a s GG/n} = (350MeV) 4 , (6.2) 

a value that is consistent with current QCD sum rule estimates.^ The effect of this correction 
is 



(6.3) 



Fig. 4 shows how much this correction helps in going in the right direction. The amplitude A 2 
is brought to its experimental value. 
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A(I=0) x 10*7 (GeV) 

Figure 3: Penguin operators correction. Point (3) is the gluon Penguins; point (4) the elec- 
troweak ones, (qq) = (— 0.250MeV) 3 . 
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Figure 4: Nonperturbative gluon corrections: point (5). 



7 Chiral Loop Corrections 

The amplitude Aq is still too small. Meson loops0* give the final enhancement. Fig. 5 shows 
how their effect is large for the Aq amplitude and small for the A%, as it should be in order to 
agree with the the selection rule. 



8 The Final Point 

Finally we must include the iso-spin breaking correction to A 2 ] it is proportional to A and 
given by 



jiso-brk ^ 1 rug m u 

2 ~ 3^ m s 



A (8.1) 



Fig. 6 includes such a correction and shows the final result. As it can be seen, the selection 
rule is now well reproduced. 
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Figure 5: Effect of the chiral loops: point (6) 
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Figure 6: The final point (7). 



9 Dependence on Input Parameters 



While the previous figures plotted a single point which corresponded to a fixed value for the 
input parameters, the dependence on them is rather strong as shown in Fig. 7 where I varied 
the quark condensate as 

- (200 MeV) 3 < (qq) < -(280 MeV) 3 (9.1) 

and the gluon condensate as 

(346 MeV) 4 < (-GG) < (386 MeV) 4 (9.2) 

7T 

for fixed M = 180 MeV at n = 0.8 GeV. 

Because of this intrinsic uncertainty, the best strategy consists in using the AI =1/2 rule 
to restrict the input parameters and then use the matrix elements thus determined to predict 
new physical observable like, for instance, e'/e£^ 
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Figure 7: Input parameter dependence. Grey (black) lines are in the NDR (HV) scheme. 



10 Scale and Matching Dependence 



There is also a residual matching dependence that is described in Table 2. As shown by 
the two last lines of the table, the scale dependence is below the 20% level, as opposed to that 
before meson- loop renormalization which is as large as 40%. 
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A 75 A) 
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8% 
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Table 2: Matching dependence. M ~ 160 MeV, (qq) at its PCAC value and (a s /ivGG) = 
(376 MeV) 4 . 
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